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The axial supercharger has a better efficiency and a 
simpler design than the radial supercharger. The relatively 
narrov/ range in which it operates satisfactorily should not 
he a very disturbing factor for practical flight prohleias. 
The length of this type of supercharger may he reduced con- 
siderably if some impairment in the efficiency is permitted. 
Improvements, however, have been attained which permit a 
shortening of the structure without any impairment of the 
ef f ic iency. 

When, about 10. y.ears ago, the author first attempted 
to apply the favorable results that had been obtained with 
axial blov/ers to the development of superchargers there were 
essentially two points of view that argued in favor of this 
type of design. One was the good efficiency possessed by 
the axial blower? the other was the smooth flov; process 
which permitted a light, simple, and reliable design, la 
the meantime, however, the efficiency of the radial type 
blower had also considerably improved so that today the 
difference is not so great. Nevertheless this small differ- 
ence can be of great significance when it is necessary to 
make use of the limited energy of the exhaust gases for super- 
charging. The second factor - namely, the smooth flow process,, 
had in the meantime acquired still greater significance, 
since at the high altitudes, such as are at present under 
consideration, the cross section of the inlet opening must 
be VGry large in order to handle the required air volume and 
in the case pf the radial supercharger the outside diameter 
of the impeller then becomes excessively large while for the 
axial supercharger the inlet diameter is not very much larger 
than the inlet opening, 

Figure ! shows the dimensions that- are obtained for a 

compression ratio 1:8 corresponding to a critical altitude 



* "Axiallader, n Jahrbuch 1938 der. deutschen Luftfahrt— 
forschung, pp. II 183-.^ 11 185, 
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cylinder volume and the rotational speed of the engine. If 
tEe engine speed Is conetaat the required. air. quantity de- 
livered is practically constant and independent of the alti- 
tude, increasin.g only if the engine speed increases with the 
altitude. On the right of figur? 3 are given the curves as 
a function of the compressed air quantity delivered ^ and 
it ■BLa.7 he seen that there is a considerable extension in the 
range of good efficiency, . 

The required compression that must he supplied hy the 
supercharger increases with the altitude, A supercharger 
with constant speed will, at low altitudes, give either too 
Jxigh pressures or deliver too large air quantities, Vith 
ife^ard to economy, therefore, it will he necessary to allow 
th3 speed to increase with the altitude. In the case of 
mechanical drive from the engine shaft this vrill naturally 
ralse considerable difficulties. If the drive is by means 
of an exhaust turbine, however, which is also desirable for 
reasons of economy, then it is possible to vary the speed 
with the altitude since the pressure drop available in the 
ex^iaust gases increases with the altitude. It will then be 
possible to consider, independent of thfe^ question of method 
of drive, the rotational speeds employed at the various al- 
titudes in order to utilize a given supercharger most effi- 
ciently, 

?or each altitude the air quantity delivered and the 
pompressioix ratio is given. If these conditions are to, be 
satisfiad v/ithout artificial tihrottling, then there is ob- 
tained, for each altitude, a quite definite rotational 
speed and a quite definite condition of operation of the 
supercharger, jn figure 3 these speeds n (or the poriph- 
er.al speeds u) and the efficiencies ri are plotted against 
the compression ratio p/p^ the- two sets of curves being 
obtained on the assumptions of constant engine speed and 
engine speed decreasing to 70 percent toward the ground, 
reiisipectively. The pressure ratio p/pq, instead of the 
altitude, is used as abscissa since the results are then 
independent of the initial altitude. The corresponding 
critical altitudes starting from the ground are also plotted. 
It Biay be seen that good efficiency (n > 0,75) at constant 
'^im^ft£& ''^'&fsdt--&T.ten^& over ^ 'range of p./L.p,Q^,> . Xr^ 1,,,4.3. t P 
2,13 corresponding to a critical altitude of 2,9 to 6 kilo- 
meters while for the decreasing engine speeds the correspond- 
ing lower limits of p/Pq and H p,re 1^3 and 2^1 kilometers 
respectively. The ranges of good efficiency (indicated "by 
the hn,tched lines) are extended considerably and efficiency 
begins to fall rapidly only at much lower altitudes, Por 
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these low altitudes, however, the required supercharger per- 
formance is much lovjer sO-,that , the impaired efficiencies are 
no longer of any great importance, 

ESDUOTION OP THE LSNSTH. 01 THE AXIAL SITPBRCHAE&Ba 



In order to comhat the second disadvantage of the axial 
supercharger - namely, that of great structural length a 
series of tests, under the direction of Encke, are being 
conducted on which a brief report is given without, hovever^ 
presenting any definite conclusions since the work is still 
in j^ts initial stages. 

The following general remarks are made by the author* 
namely, that there is a possibility of making a considerable 
reduction in the length, provided a certain impairment in the 
efficiency is taken into account. It will have to be decided 
in each case, hovr far this is permissible. In particular, fo 
high compression ratios in the first stages it will be possi- 
ble to permit lower efficiencies in order to gain a saving in 
strv-ctural length. Since, because of the low air density, 
these stages require very large space, the space saving is of 
greater importance than in the later stages and since it is 
only a portion of the total performance in question the effi- 
ciency impairment in these first stages v;ill not have too 
great an effect on the over—all efficiency. The aim should, 
naturally, be a reduction in length without a sacrifice in 
efficiency, 

There are two possibilities for reducing the structural 
length: 

1, Constructional means in the design of the blov/er, 
applying the already familiar impeller and guide vanes. 

2, Improvement in the impellers so that a greater 
pressure increase may be attained with one wheel 



Constructional Means 

The author first considers the constructional possi- 
bilities, Figure 4 shows, at the top, the usual design of 
an axial supercharger in the stage of development of the 
year 1930, Jive stages are provided that permit a compres- 
sion ratio of 2, As may be seen from the sketch the im-r 
peller wheels themselves, v/hich actually perform the v;ork. 
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oontri'bute relatively little to the great length of the 
supercharger, JTh? length is mainly determined by the guide 
vanes "between the impellers and "by the interspaces between 
the guide and impeller wheels, Now it is possible to i-educe 
considerably the length of the guide vanes and also the 
lengths of the interspaces by increasing the number of guide 
vanes and correspondingly reducing their depth. Unfortu- 
nately difficulties are here encountered in the Reynolds 
number, Ihe dimensions of the blower are already rather 
small and as a result the guide vanes are in a range of 
Reynolds number in which a' further reduction in length al- 
ready leads to a considerable increase in the resistance. 
In one test, in which the vanes were reduced 35 percent, a 
lowering of efficiency was obtained of about 3 percent. It 
will have to be decided, in each individual case, whether 
the reduction in length is worth the resulting sacrifice 
in efficiency. 

Cases are conceivable in which the increase in resist- 
ance in the guide vanes does no harm because of other pos- 
sible advantages gained, For example, one such case wou.ld, 
if it were possible, utilize the guide vanes to conduct away 
a considerable portion of the heat compression. The heat 
conduction vrould increase with increasing resistance and a 
saving v;ould be obtained in the intercoolers still required. 
Whether this consideration will play any important part in 
view of the present small heat conducting capacity of the 
guide vanes is doubtful. 

Another very effective constructive measure for reduc- 
ing the structural length is the application of counter- 
rotating impellers in v.'hich case the guide vanes between 
the rotors drop out altogether and only an entrance and ezit 
guide vane is required for the entire supercharger, Jigure 
4, at the bottom, shov/s such an arrangement for the same 
conditions as. in the sketch above it (compression ratio li2 
with five stages).. The considerable space saving effected 
is evident. Such counter-^rotat ing wheels have proven thom^ 
selves to be aer odynamically favorable, Pigure 5 shov/s test 
results with two count er—rotat ing wheels with various blade 
settings, the ornrves having been obtained, however, only at 
low speeds. Both the pressure increases obtained and the 
efficiencies are q,uite favorable, I)if f icult.ies are encoun- 
tered only in the drive when the number of stages is mors 
than two. If, for example, the wheels rotating in one di- 
rection are driven internally while the opposite rotating 
wheels are driven externally then the external drive leads 
to difficulties in regard to strength at high speeds. It 
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is possible to drive both sets of wheels from within in 
which case, however, an unfortunately complicated mechanism 
is required. 

Increase in Performance of Each Impeller 

The second possibility of reducing the length; namely, 
by increasing the performance of each impeller may be arrived 
at in va.rious ways. It might be possible to increase the 
pressure by raising the rotational speed, When the relf?/cive 
velocities, however, are made to approach the speed of sound 
there is a strong drop in the efficiency curves and a re- 
striction is thus imposed on this method. 

In the case of the wheels, . which have thus far been 
developed, there has generally been taken into account an 
efficiency loss of a few percent as a result of the ap- 
proach to the speed of sound in order to attain as high a 
pressure increase p^r wheel as possible. A further increase 
in the speed, hovrever, would lead to quite a disproportionate 
increase in the losses, Figure 6 shows results for various 
rotational speeds and the effect of the peripheral speed is 
clearly evident. 

One possible path of development, therefore, is that 
by which higher pressures are sought by suitable design of 
the blades v/hile maintaining the same peripheral speed, 
Ihe other is that in which supersonic velocities are taken 
into accouixt in which case, however, entirely new points of 
view are encountered for the design of the blades. By using 
the first method some degree of success has been attained. 
By the more accurate manufacture of the blades, using special 
machines, there was obtained a pressure increase of 12 per- 
cent in one case. Through further development of the blade 
shape together with improved manufacture the pressure was 
raised by about 20 percent above that of the wheels already 
considered. More recent tests even appear to give results 
exceeding this' value. With a 20 percent pressure rise the 
compression ratio attainable with a single wheel increases 
from 1,17 to 1,21, With four wheels there is obtained a 
compression ratio of 2,14, v/hereas, previously the value 
2,19 with five- wheels had been obtained. 

Progress along this path has, up to now, appeared 
rather difficult and laborious; the reason for the differ— 
culties encountered appeared to be due, fundamentally, to 
the large rotational motion given the air and which results 



NAOA ITo, 1073 



7 



in the setting up of disturbances by the rotational motion 
of the air relative to the blades and by centrifugal and 
Oor-iolis forces in the friction layer, disturbances over 
which there is, as yet, no control. 

In the case of the second method; namely, operation 
within the eupersonic range — this is still in the vary 
first stages and it is impossible, as yet, to report on 
any success obtained. This method does not, hov/ever, appear 
to be entirely without promise. When it becomes possible 
to use this method at all successfully co,ns iderably greater 
pressure increases may be expected than those obtained in 
the subsonic range. 

The author has attempted to give you a brief review 
of the characteristics of axial supercharger in its present 
state of development and the methods and possibilities of 
its improvement, The author believes that even today the 
axial supercharger, in spite of the defects from which it 
suffers, is suitable for many purposes and for some special 
objects, particularly for flight at very high altitudes it 
offers considerable advantages. 



Translation by S. Reiss, 
National Advisory Committee 
for Aeronautics, 
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Figure 1.- Space requirements of various supercharger' 

designs for compression ratio 1:8. M, engine;- 
a, axial supercharger in all stages; b, radial super-' 
charger in all stages; c, combination of axial and 
radial superchargers. ■ 
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Figure 3.- Compression ratio and efficiency of an axial 

' supercharger J as a function of the air 
quantity Qq (ms/s) in the uncompressed state- (left) and 
. of the air quantity delivered (fflVs) in the com- 
pressed state (right).. 
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Figs. 3,4,6 
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Figure 4.- Five-stage axial 

blower without 
and with counter-rotating 
wheels. 

Figure 3.- Critical altitude H as a function of the compres- 
sion ratio p/Pq. Continuous lines for constant 
assumed engine speed, dotted lines for engine speed decreasing 
toward ground to 70 percent. 
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Figure 6.- Effect 
•of ap- 
proach to the 
speed of sound on 
the pressure co- 
efficient and the 
efficiency (im- 
peller diameter 
150 mm). 
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Figure 5.- Pressure characteristics and efficiencies of 
a two-stage blower with and without counter- 
rotating wheels for various blade settings. 



NASA TKhnlMl Ubr 



3 1176 0 



440 7671 



